The shrimp Metapenaeus joyneri (Miers, 1880) occurs in the Pacific region from Korea and Japan to southern China (Kubo, 1949; Lee, 1967; Chu, 1995) . In Korea, the shrimp is distributed along the coastal area between Paengyoundo in the middle of western coast and Sarangdo in the southeastern coast (Kim, 1977) .
The midwestern coast of Korea has relatively shallow waters, with a maximum depth of only 30 m. These waters and the surrounding estuaries provide important habitats for a number of penaeid shrimp species which are commercially important in Korean shrimp fishery. The common penaeid shrimps in the western Korean coastal waters are Penaeus chinensis (Osbeck, 1765); Trachypenaeus curvirostris (Stimpson, 1860); M. joyneri; and Metapenaeopsis dalei (Rathbun, 1902) (Cha, 1997) . Metapenaeus joyneri and T. curvirostris are target species of the stownets and trawl fisheries from April to November in this area. They have very similar migration patterns, their usual habitat being the silty bottom of coastal waters in summer; then they migrate toward deeper water as the cold season advances in this area (Cha, 1997) . In this study area, water temperature fluctuated seasonally from 48C to 258C (NFRDI, 1994 (NFRDI, , 1995 . Seasonal variation of water temperatures greatly affects shrimp growth pattern (Pauly et al., 1984) . In addition, the reproductive pattern of penaeid shrimp is controlled by changing temperature (Garcia, 1984; Dall et al., 1990) .
Little research has been carried out on M. joyneri in the western coastal waters of Korea. Lee (1967) attempted to describe suitable environmental conditions for seed production, and Cha (1997) undertook a general ecological study in the area. In China, the reproduction (Chu, 1995) and occurrence and influence by bopyrid isopods on growth has been studied for this shrimp (Chu and Leong, 1996) . In this study, we estimate von Bertalanffy growth parameters and recruitment pattern from length-frequency data collected between 1994 and 1995 in M. joyneri. We also estimate size at sexual maturity and inseminated size of female through examination of ovary and thelycum. These results are compared with data from other penaeid shrimps in this area.
MATERIALS AND METHODS
Monthly samples were taken from April 1994 to December 1995 with commercial stownets on anchors (mesh size, 9.3 3 9.3 mm 2 ) in waters around Youngkwang (1268159E, 358159N), the main fishing ground. The samples were preserved immediately in neutralized formaldehyde solution for a day, then transferred to 70% ethanol for storage. Basic hydrographic data on bottom temperature and salinity were collected during each sampling.
Specimens were identified to species, sexed, and measured in the laboratory: (1) carapace length (CL, to nearest 0.1 mm), from the posterior margin of the orbit to the posterior margin of the carapace; (2) body weight and ovarian weight (BW, OW, to nearest 0.01g) as wet weight. Length-frequency distributions were based on CL.
For the female shrimp, the mean diameter of oocytes, and the gonadosomatic index (GSI, ovarian weight/body weight 3 100) were calculated. The maturity of the ovary was determined visually and the degree of maturity separated into the following three categories after Gab-Alla et al. (1990) : (1) Immature: ovary transparent, oocytes ,100 lm in diameter; (2) Maturing: ovary cream or pale green, oocytes generally 100 to 250 lm in diameter; (3) Mature: ovary at mature size and dark green, oocytes generally .250 lm in diameter. Mean egg diameter for each female was based on measuring 200 randomly selected oocytes to the nearest 5 lm. Ripe ovaries were weighed to the nearest 0.0001 g using an electronic digital balance, and the number of oocytes in a unit weight were counted to calculate fecundity. The contents of the thelycum were examined ocularly for the presence of spermatophores to determine whether females had been mated.
Size at sexual maturity was separately determined by either the proportion of females with maturing and mature ovaries or the proportion of inseminated females. The proportion of mature females by size was fitted to a logistic equation as described by King (1995) :
where P is the predicted mature proportion, a and b the estimated coefficients of the logistic equation, and CL the carapace length. Parameters were estimated by nonlinear regression analysis using quasi-Newton method in STA-TISTICA Ver 10.0. Size at sexual maturity (CL 50 ), corresponding to a proportion of 0.5 sexually mature, was estimated as the negative ratio of the two coefficients [CL 50 
Length-frequency distributions were constructed using 1-mm intervals of CL. Growth was described using the modified von Bertalanffy growth function (VBGF) (Pauly and Gaschütz, 1979) :
where L ' is the asymptonic length, K is the intrinsic growth rate, t 0 is the age at which the length of animals is 0, C is the amplitude of seasonal growth oscillation, ts is the age at the beginning of growth oscillation, and WP (¼ ts þ 0.5) is the time of year when growth is slowest. Growth curves were estimated from length-frequency distribution data using ELEFAN (Electronic Length Frequency Analysis: Pauly and Cody, 1985) . A nonparametric method to fit the modified VBGF was used to calculate the mean CL through modal progress. The Rn value gives an estimator of the goodness of fit. ELEFAN estimates the growth parameters (L ' , K, C, and WP) without standard errors. According to Pauly (1987) , t 0 estimates cannot be obtained solely from length-frequency data, so it was necessary to supply a carapace length at hatching of 0.27 mm body length (first naupliar stage by Lee (1967) ) to the ELEFAN program to allow an estimation of t 0 . The estimates of L ' and K were used for composition of growth performance indices (u9) (Pauly and Munro, 1984) between sexes using the equation
Any differences in the size-frequency distributions of the population between the two sampling years were determined by the Kolmogorov-Smirnov two-sample test (Sokal and Rohlf, 1995) using SYSTAT Ver. 9.0.
RESULTS

Sex Ratio
All specimens of Metapenaeus joyneri sampled from April 1994 to November 1995 were sexed during each month ( Fig. 1 ). Shrimp samples were not collected from December to March. Of the 3487 specimens, 51.1% were identified as females and 48.9% as males. A v 2 test revealed that the number of females was significantly greater than that of males in the samples throughout the sampling period (v 2 ¼ 27.27, d.f. ¼ 15, P , 0.05). Females reached a larger size than males, and may have been selectively fished by the fishing gear. Therefore, this ratio may not reflect true proportion in the natural population. The only firm conclusion is that for M. joyneri, females represent 51.1% of the commercial catch.
Seasonal Reproductive Pattern
With increasing maturity, the ovary became larger and GSI increased. The diameter of the oocytes varied according to developmental stage; 10-90 lm in immature stage, 150-240 lm in maturing stage, 220-340 lm in mature stage (Fig. 2) . Gonadosomatic index began to increase in May, and reached maximum between June and July. It began to decrease from August onward (Figs. 3, 4) .
The seasonality of breeding was investigated both by examining ovary maturation and by determining the occurrence of inseminated females. Over 90% of ovaries were in maturing or mature stages in June and July (Fig. 4) . The breeding season is limited to the period June to August, with a peak from June to July. Insemination appeared to take place from June to August, with a peak from June to July (Fig. 5) .
The size at sexual maturity in females was examined using two different categories: (1) by the proportion of specimens in each 1-mm CL size class with maturing or mature ovaries, and (2) by the proportions of these size classes which had been inseminated. Only females collected during the breeding period were used for this analysis. In both categories, the minimum size of mature females was 20.0 mm CL (Fig. 6 ). The proportion of mature females per 1-mm CL size class rose logistically with CL in both data sets (Fig. 6A, B) . The size at which 50% were mature (CL 50 ) was 19.6 mm CL for proportion of maturing and mature ovaries (Table 1 , Fig. 6A ) and 20.4 mm CL for proportion of inseminated females (Table 1, Fig. 6B ). The statistical analysis revealed that CL 50 between the two categories was not significantly different (Kolmogorov-Smirnov two-sample test, P . 0.1). Ovarian maturity may give an overestimate of the size at maturity, because spent ovaries are classed as immature. The proportion inseminated could provide a better index (Fig. 6) . (Fig.  7A) . The relationship between ln F and ln BW was also significant (r 2 ¼ 0.63, P , 0.001): ln F ¼ 8.86 þ 1.21 ln BW (Fig. 7B) , indicating fecundity was related to both CL and BW.
Length-Frequency Analysis
The minimum size at recruitment to the fishing ground was 8.7 mm CL in August. Maximum carapace length was 31.2 mm in females and 28.2 mm in males. Females were larger than males. Population structure was similar between the two years, and statistical analysis revealed no significant difference in the population sizefrequency distributions between the two years (Kolmogorov-Smirnov two-sample test, P . 0.1). Both females and males showed two modal size groups per year. The latter was also indicated from apparent shift in modal length with time (Fig. 8) . In females, the sample in April 1994 was essentially unimodal, with a peak at about 18.0 mm CL. This mode could be followed through to July 1994, when this group grew to about 25.0 mm CL. The second mode appeared with a new generation in August. This group had a carapace length of 18.0 mm and could be grown through to April 1995. Males displayed similar modal progression. This result suggests that the new cohort over-wintered and could be grown through to the next summer. It also suggests that the summer-spawned cohort survived 17 months. The VBGF parameters, estimated by ELE-FAN for each sex, are summarized in Table 2 . The modal progression analysis for each sex separately showed that females had higher L ' and K than males. Females had greater growth rates at age than males. This was provided by the growth performance indices (u9): 1.63 in females and 1.47 in males. The growth pattern of male and female is shown in Fig. 8 . The growth curves showed seasonal oscillation in growth (C) of 90% for females and 100% for males. The phase of slow growth (WP) was January for both females and males (Fig. 9) . The structure of the recruitment patterns obtained by the ELEFAN program indicated one normally distributed group.
DISCUSSION
One of the most interesting aspects of this study was the striking success of Metapenaeus joyneri on the western coast of Korea in contrast to the eastern coast of Korea. The western coast of Korea has relatively shallow waters with a maximum depth of little over 30 m. This species is caught mainly by the inshore fishery and not by the deeper fishery (Cha, 1997) . With seasonal warming of the waters, the shrimps migrate from deep waters to the coastal areas of the Youngkwang area. From April to November, they inhabit these coastal waters in water temperature ranging from 12.18 to 27.58C (Table 3) . From early November, the new generation starts migrating to the offshore waters, and no fishing occurs from December to March.
The bionomics of M. joyneri in Korea can be compared with other areas. As shown in this study, the maximum size recorded was 31.2 mm CL for females and 28.3 mm CL for males. In the Zhujiang Estuary, the maximum size recorded was about 38.3 mm CL for females and 27.0 mm for males (Chu, 1995) , higher than in this study. The spawning season of M. joyneri in Korea extended from early June to August, as reflected both by the incidence of mature females and the occurrence of larvae in the plankton (Cha, 1997) . This is slightly shorter than that reported in the Zhujiang Estuary, China, where spawning began in March and continued through October (Chu, 1995) . In the present study, the smallest mature females in Korea were 20.0 mm CL, and the size at CL 50 was 19.6 mm. In contrast, in the Zhujiang Estuary (Chu, 1995) , the minimum size of female maturity was estimated as 16.1 mm CL, and size at CL 50 as 24.0 mm. These differences are most likely affected primarily by environmental factors, particularly water temperature (Zhujiang Estuary: 15-298C).
The percentage of inseminated females and GSI of M. joyneri both show the same seasonal pattern. The percentage of inseminated females changes with carapace length and suggests a minimum size of 20.0 mm CL for mating activity, which is almost identical to the minimum size of ovarian maturity. This pattern suggests that insemination is clearly related to the stage of ovarian maturation. Thus, as indicated by both the incidence of mature females and monthly changes in GSI, M. joyneri showed a single breeding season from June to August. This breeding pattern is similar to previous observations on penaeid shrimps within this study area (Cha, 1997; Choi, 2001; Cha et al., 2002) . In addition, maturation and spawning occur at the same time as rising water temperature. As shown this study, spawning of M. joyneri commences in June when the water temperature rises to over 208C (Table 3) . Cha et al. (2002) , working on the Penaeus chinensis stock in this area, reported that spawning occurred in May when the water temperature rose above 108C. Choi (2001) reported that Metapenaeopsis dalei spawning occurred in July when the water temperature rose to over 258C. Thus, these results suggested that the spawning seasons of penaeid shrimp populations on the western coast of Korea are affected by water temperature. The different breeding patterns among the species might enable them to avoid competition for food and habitat during early life stages. The size at sexual maturity (CL 50 ) was estimated at 19.6 mm CL for mature females and at 20.4 mm CL for inseminated females. Garcia (1985) noted that the proportion of mature females is a biased index of population reproduction. For some penaids in the Suez Canal, Gab-Alla et al. (1990) suggested that because spent ovaries are categorized as immature, ovarian maturity may lead to an overestimate of the size at maturity, and thus that the proportions of inseminated females could be a better index of female maturity. In the present study, however, no significant differences in CL 50 between ovarian maturation and insemination suggest that in M. joyneri, insemination may be related to ovarian maturation, as previously observed in M. joyneri and in P. chinensis (see Chu, 1995; Cha et al., 2002) .
This study showed an apparent shift in modal length with time in both females and males during the two years. Shrimps recruited in August continued to grow through to the following summer and took part in spawning in next June-July. After spawning, they died. These spawning patterns were also found in numerous penaeids around this study area (Yoshida, 1941; Choi, 2001; Cha et al., 2002) . This result suggested a one-year life span of M. joyneri after recruitment. This study indicated that M. joyneri underwent one major recruitment event per year. Recruitment followed a single reproductive period from June to July, and recruits entered in adult catches as a clearly distinguishable cohort in August. The recruitment of pre-adults is likely to take place within 1-2 months after spawning activity. Cha et al. (2002) reported that on the western coast of Korea, P. chinensis was synchronized with spawning with a time-lag of 3-4 months. Choi (2001) showed that on the western coast of Korea, M. dalei was synchronized with spawning with a time-lag of 2-3 months. The duration of this time-lag depends upon factors such as time of spawning and environmental and hydrological conditions, which may result in a poor relationship between the number of recruits and the size of the spawning stock in penaeids (Garcia and LeReste, 1981; King, 1995) .
The modified von Bertalanffy growth models fitted the data of the M. joyneri population of Korea well, as indicated from score function (Rn). The K values (1.22 in females and 1.02 in males), corresponding to the best estimate of L ' (34.7 in females and 29.0 in males) for both sexes, fall within the range of values (0.39-1.60) reported for a number of penaeid shrimp species by Pauly et al. (1984) . This study showed that M. joyneri has two growth phases per year: from July to September (size: from larvae to 18.0 mm CL), and May to July (size from 18.0 mm to 25.0 mm CL). Thus, this result suggested that M. joyneri growth occurred when water temperature rose above 108C, and seasonal oscillation was very high. In this study area, temperature fluctuation from 4.68C to 28.38C was higher than at other penaeid shrimp study areas. On the shrimp population, the seasonal growth oscillations correlate well with the intensity of the annual temperature fluctuation (Pauly et al., 1984) .
